Resistance to the analogue 8-azaguanine has generally been found to correlate with loss of guanylic acid-inosinic acid (IMP) pyrophosphorylase activity in several biological systems' including 3 mammalian cell lines.2-4 From 2 of these lines mutants selected for even a small degree of resistance contained very little or no pyrophosphorylase activity.2 4 From the other cell line a partially resistant mutant was also isolated in which no change in pyrophosphorylase activity occurred, as well as another mutant (resistant to 8-azaguanosine) which "displayed about onehalf of this activity."3 To investigate further the mechanism of partial resistance we have now isolated several lines of mouse fibroblasts (L cells) which show a small degree of resistance to 8-azaguanine, and have found them to contain [25] [26] [27][28][29][30][31][32][33][34][35][36][37][38][39][40][41][42][43][44] per cent of the IMP pyrophosphorylase activity of wild-type L cells. Culture methods: An inoculum of L cells was kindly supplied by Dr. L. Siminovitch in 1960, at which time the chromosome number was reported to be approximately 60. This cell line, designated "wild-type," has been maintained in suspension culture in Eagle's "spinner" medium plus 10% calf serum as previously described.6 It is free of pleuropneumonia-like organisms. Clonal lines were obtained by isolating individual colonies7 and have been stored at -70'C in medium containing 10% glycerol when not in use. 8 Determinations of drug resistance or mutant frequency were performed by inoculating an appropriate number of cells (2 X 102 to 5 X 106) from a suspension culture into replicate 60 mm
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Two features of this method deserve mention. To maintain the 8-azaguanine concentration, it was necessary to feed cultures containing more than 10,000 cells, and this was done on the second day and twice thereafter at 2-3-day intervals. Further feeding did not affect the final number of colonies. Without feeding, too numerous colonies or confluent growth occurred, presumably because of incorporation or catabolism of 8-azaguanine, or release of competing purines by disintegrating cells.
The plating efficiency of the cell lines described below ranged from about 10% (AG 3) to 40% (wild-type). However, 2-4 times higher values occurred in reconstruction experiments in which these cells were plated in the presence of 106 drug-inhibited cells. Because of this uncertainty, the mutant frequencies below are calculated on the basis of the number of cells inoculated without correction for plating efficiency.
Preparation of cell extracts: About 1.6 X 107 cells were collected by centrifugation, washed with 0.14 M NaCl solution at 40C, suspended in 2 ml of 0.05 M phosphate buffer at 40C and pH 7.5, and disrupted by 3 cycles of rapid freezing and thawing. The resulting suspension was centrifuged at 105,000 X g at 40C for 1 hr. 30 Ml of the incubation mixture were transferred to ion exchange paper (Reeve Angel paper, grade SB2, loaded with Amberlite IRA400 resin-Cl-form). One-tenth N formic acid was allowed to ascend through the origin spot, the paper was dried, and the origin spot was cut out, mounted (Tracerlab, Inc.; E-7B-rings and disks), and assayed for radioactivity (Nuclear-Chicago model D47 thin end-window counter) to within 5% error. Under these conditions, phosphorylated derivatives of hypoxanthine-8-C'4 are held at the origin and are present in an amount proportional to enzyme concentration. The reaction was linear for at least 2 hr. An increased concentration of hypoxanthine-8-C" or 5-phosphorylribose 1-pyrophosphate did not increase the rate of the reaction. Essentially no radioactivity was bound at the origin spot when 5-phosphorylribose 1-pyrophosphate was omitted. The specific activity of IMP pyrophosphorylase referred to below represents the counts per minute of phosphorylated derivatives of hypoxanthine-8-C14 per Mug of cell extract protein per 2 hr at room temperature.
Results.-Clones resistant to 3-4 jig of 8-azaguanine per ml: When wild-type L cells were incubated in the presence of 3-4 jg of 8-azaguanine per ml, the frequency of resistant cells averaged 5 X 10-7 in 6 determinations over a 2-year period (2, 3, 5, a, 5, and 8 X 10-v). That such cells were persistently resistant was suggested by the isolation consecutively of 7 colonies, all of which were again resistant to 4 ug of 8-azaguanine per ml after approximately 20 generations in the absence of the analogue. One such colony (AG 3) was recloned and has been grown for over 2 years in the absence of 8-azaguanine, without losing its resistance. In Figure 1 is shown the plating efficiency of wild-type cells and AG 3 cells at increasing concentrations of 8-azaguanine. The AG 3 cells were about 100 times more resistant than the wild-type cells.
It has been shown previously that resistance to 8-azaguanine generally correlates with a marked decrease or absence of IMP pyrophosphorylase activity, 1-4 and tig of 8-azaguanine per ml. These cultures were not fed, and in retrospect it is unlikely that the level of 0.3 ,tg per ml was maintained (see Experimental).
However, several surviving colonies were isolated and enlarged from both the 0.3 and 1.0 mg per ml cultures.
In Table 1 (Fig. 2) , and these contained 33 per cent of the enzyme activity of wild-type cells (AG 70M, Table 1 ).
That the culture did not consist of a mixture of wild-type and highly resistant cells was indicated by the fact that cell multiplication ceased when the concentration of 8-azaguanine was increased to 1.0 ,ug per ml on day 30. By day 38, highly resistant cells were apparent, which contained 1 per cent of the enzyme activity of wild-type cells (AG 80M, Table 1 ).
The per cent and that of wild-type extracts was 66 per cent (Table 3) . These results were not significantly different (0.4 < Pn=6 < 0.5). This type of experiment was also carried out with AG 41 (Table 3 ); in this case the average drop in activity upon heating of the AG 41 extracts was 63 per cent, while that of the wild-type extracts was 61 per cent.
The Michaelis constants of the pyrophosphorylase present in AG 46-3 and that in wild-type cells were determined by the method of Lineweaver and Burk to be 2.9 X 10-4 M and 7.4 X 10-4 M, respectively (Fig. 3) . These values also were not significantly different (0.2 < N =36 < 0.3). Together with the heat inactivation studies, they suggest that the enzyme in AG 46-3 cells is the same as that in wildtype cells.
Reversion: In media containing 4 X 10-7 M aminopterin supplemented with 3 X 10-6 M glycine, 1 (Table 1) . For both AG 55 and AG 63 a mixture of revertant colonies was grown together over 10 generations in medium containing aminopterin, glycine, thymidine, and hypoxanthine, in order to remove residual highly resistant cells. The pyrophosphorylase activities of these uncloned revertant populations (designated AG 55R and AG 63R) were 25 and 38 per cent, respectively, of the activity of wild-type cells (Table 1) . Three clonal derivatives of AG 55R contained 34, 45, and 49 per cent of the activity of wild-type cells. In contrast to these intermediate enzyme levels, Szybalski has described a revertant line of human bone marrow cells which contained "less than one-twentieth" of the IMP pyrophosphorylase activity of wild-type marrow cells.3
Attempts to increase enzyme activity: The different IMP pyrophosphorylase activities in these several cell lines could be caused by various degrees of repression of enzyme formation,'4 which aminopterin might be expected to "de-repress." Therefore, pyrophosphorylase activity was determined in several of the cell lines after exposure either to aminopterin, glycine, and thymidine for 16 hr, or to aminopterin, glycine, thymidine, and hypoxanthine for 2-3 days. Under the latter conditions, partially resistant or wild-type cells multiplied almost as well as control untreated cells, whereas the number of AG 3 cells per ml decreased. Essentially no change in pyrophosphorylase activity occurred in any of the cultures under either condition (Table 4) . Thus, the enzyme could not be made to appear in AG 3 cells, nor increased in partially resistant or wild-type cells. Suspension cultures were incubated with 4 X 10-7 M aminopterin, 3 X 10-6 M glycine, and 1.6 X 10-6 M thymidine for 16 hr. or with these 3 compounds and 1 X 10-4 M hypoxanthine for 2-3 days. The values for the control specific activities represent one or more preparations.
Discussion.-While genetic studies in tissue culture would preferably be undertaken with diploid cell strains from individuals of known genetic composition, '15 16 the aneuploid cell lines have such advantages as variety of markers and selection methods, high plating efficiency and mutant frequency, ability to grow in suspension, and recently two putative recombinational techniques. '7 18 In the present studies two clonal lines (AG 41 and AG 46) and an uncloned cell population (AG 70M) were selected which showed a small degree of resistance to 8-azaguanine It is interesting that an intermediate enzyme activity occurred also in the uncloned revertant populations (as well as clonal derivatives thereof) selected from two highly resistant lines. While this suggests that the revertants too may be heterozygous, the situation is likely to be complex, since several reversion mechanisms, some perhaps extrachromosomal, are known to occur in bacteria. 26 Summary.-Several lines of mouse fibroblasts with a small degree of resistance to 8-azaguanine were isolated. They contained an amount of inosinic acid pyrophosphorylase activity which was intermediate between wild-type and highly resistant cells. This activity was constant on repeated analyses and despite attempts to "de-repress" the synthesis of the enzyme. The heat inactivation and Michaelis constants of the enzyme were the same in wild-type and partially resistant cells. It is suggested that the partially resistant cells may be heterozygous for the ability to synthesize active inosinic acid pyrophosphorylase. The possible effect of viruses on mammalian eggs has never been explored. The closest studies that have been reported deal with relatively late embryonic stages.' This is unfortunate, since a knowledge of the interaction of mammalian eggs and viruses would be valuable for at least three reasons. First, such knowledge would clarify the known relationship between viruses and congenital defects.2 Secondly, it would elucidate the origin of innate resistance to virus infection, such as is known in certain strains of mice.3 Thirdly, it would show us whether the specific cellular receptors required by certain viruses for attachment to the host cell are present on the surface of the vitellus, or whether they are formed later in development.
EFFECT OF VIRUSES
This communication reports the effect of Mengo encephalitis virus on mouse eggs at the 2-cell stage. The virus was found to pass through the zona pellucida surrounding the egg and to block further development in vitro.
Materials and Methods.-Randomly bred 6-to 8-week-old Swiss mice were superovulated by the intraperitoneal injection of 5 I.U. of pregnant mare serum gonadotrophin (Gestyl, Organon), followed 43 hr later by 5 LU. of human chorionic gonadotrophin (Pregnyl, Organon). A mature male was placed with each female at the time of the second injection. This treatment results in ovulation and mating about 12 hr afterwards. Females with vaginal plugs (usually 70-90% of the animals) were killed 34-36 hr later, that is, 10-12 hr after the expected time of the first cleavage division. The 2-cell eggs were flushed from the Fallopian tubes using a syringe with a blunted no. 30 needle. The medium used for flushing out the eggs and also for culturing them was developed by Dr. R. L. Brinster and is to be published elsewhere.5 This medium consists of modified Krebs-Ringer balanced salt solution, supplemented with sodium lactate and crystalline bovine plasma albumin.
To determine whether the zona pellucida was a barrier to viral entry it was removed with Streptomyces griseus protease ("Pronase," Calbiochem Co.).6 Ova were exposed 5-10 min at room temperature to 0.25% "Pronase" in phosphate buffered saline, containing 1.0% polyvinylpyrrolidone (PVP). The PVP was added to protect the naked blastomeres and to prevent their attachment to the glass. Further details of the action of "Pronase," and other enzymes, on the zona pellucida of the mouse egg are described elsewhere. 7 The eggs, either naked or with their zonae intact, were placed in drops of the lactate-albumin medium, with or without virus or antiserum. The drops were submerged in mineral oil in a 60 mm Petri dish to permit gas-exchange while preventing evaporation. The culture dishes were incubated at 370C in an atmosphere of 5% CO2 in air.
The 37A (heat-stable mutant) of Mengo encephalitis virus, isolated by Brownstein and Graham,' was used. The virus was assayed by the plaque technique decribed by these authors.
